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COMPLETE SPECIHCATION 

Separation of Liquid Hydrocarbon Mixtures using a 
Liquefied, normally Gaseous Polar Selective 
Solvent 



We, Shell Internationale Research 
Maatschappij N.V., a Company oxg^sed 
under the Laws of the Netherlands, of 30, 
Carel van Bylandtlaan, The Haguc^ The 
5 Netherlands, do hereby dedaic the invention, 
for which we pray that a patent may be 
granted to us, and the mediod by which it is 
to be performed, to be particularly described 
in and by the following statement: — ^ 
10 The invention relates to the separation of 
liquid hydrocarbons mixtures using a lique- 
fied, normally gaseous polar selective solvent. 

Various liquefied, normally gaseous polar 
compounds such as sulphur dioxide and 
15 ammcnia have been considered over the years 
for use as selective solvents in the liquid- 
liquid extraction of certain hydrocaii>ons 
streams. Sulphur dioxide, in particular, has 
been widely used as, for example, for the 
20 treatment of light distillates such as heavy 
naphtha, kcrosine and diesel fuel in order to 
separate aromatics therefrom. The sulphur 
dioxide process, while generally eflSdent for 
the dearomatizing of kerosine and the like to 
25 moderate level, i.e., down to 5 percent volume 
aromatics, is not really suitable for producing 
products of low aromatidties (aromatic con- 
tents) of 1 percent volume or less. In the 
production of lafBnatc products of low aroma- 
30 ticities, this process becomes quite expensive 
due to a rapid increase in solvent require- 
ments. For example) in the processing of 
kerosine to produce a raffinate ha.ving an 
aromaticity of 3 — 3.5 percent, the sulphur 
35 dioxide solvent is normally employed in a 
1:1 ratio to the feed; in order to produce a 
raffinate product having an aromaticity of 
1.2 — 2.0 percent, the sulphur dioxide solvent 
to feed ratio is about 2:1; while to produce 
40 a material having an aromaticity of about 
0.8 percent volume, sulphur dioxide is nor- 
mally used in a ratio of about 3:1 to the 
feed. Not only is there a substantial increase 
in operatin g co st per volume <rf diarge, but 



also the higher sdvent requirements in the 
production of a low aromatidty raffinate 
substantially reduce the diarge throughput of 
a given plant since these plants are normally 
designed to be limited as to solvent. 

According to tiie present invention a pro- 
cess foe the separation of a liquid hydrocarbon 
mixture usii^ a liquefied, normally gaseous 
polar sdective solvent cwnprises separating 
the mixture into raffinate and extract phases 
by liquid-liquid extraction with the solvent, 
contacting at least a part of the raffinate 
phase with a solid selective adsorbent, and 
desorbing the adsorbate from the adsorbent 
wi± a portion of the liquefied solvent 

Preferably, desorbing solvent is removed 
from the adsorbent by at ieast partial v^ot- 
ization, whereby the adsorbent is made ready 
fcr use in treating a further quantity of the 
extraction raffinate. Vaporization may be 
effected by a pressure and/or temperature 
diange. The vaporized solvent is suitably 
liquefied again for re-use in the process. 

The process of the invention is particularly 
suitable for tiie recovery of polar, especiaUy 
aromatic, compounds of considerable punty, 
and/or for the substantiaUy complete removal 
of aromatics and other materials of smnlar 
polarity, e.g.^ to produce such products, as, 
for example, odourless kerosme (such as 
domestic stove oil), transformer dls, white 
oils and hi^ luminometer number, thermally 
stable jet fuels (a high luminometer number 
is an indication of low aromatic content on 
sudi fuds). ^ J. .J 

The two separation procedures of iUqmd- 
liquid extraction and adsorption supplement 
each other in an efl&dent manner, pemuttmg 
the operation to take place at optimum per- 
formance conditions of each of the separation 
procedures, with additional {advantages from 
the combination; for adsorption functions at 
its best with feeds of moderately low aroma- 
ticity, whereas liquid-Kquid extraction, such 
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as the sulphur dioxide process, is most efiS- 
aent at moderate depths of extraction. Thus, 
in the present process, liquid-liquid extraction 
IS employed initially to remove the aiomatics 
w'"J.^f,,P°^" compounds to a moderate 
depth, foUowmg which the adsorption is used 
to provide a nearly complete removal of die 

=rp^2r^°^--'^-«^^22i 

.n^f^iFf adsorbent such as 

silica gel for removing polar aamxrands such 
as aiomatKrs is alread/ known ITS ?? 
from Umted States Patent NofllMyn 
In sudi a case, -benzene and odia S£ 

Z^l T'^'^f ^ «*^ed polar 
matenak from the adsorbent Since in tWs 

20 L J^ ^ ^ adsorbent by 

the polar components in die feed stream, 

S"^.*" desorbent must have'^p^o:^ 
matdy the same affinity for die adsorbent as 

Uerause of tins requisite similaritv of He- 
25 sorbent and feed polar co^oSs lar« 

comr«monany used desorbem? generally d1 
not iffer gteady in boiling ranie Sthe 

\ff4n^fe^"5i;gS-£ 

35 T^fdSn. v^^. ^ saturated 
3=-/?^^' T^^'* '° tuni must be diV 
placed bv the oolar components of die f«f<1 
^Sk*^^ subsequent adsorcrion Jep It 

50 bvmeaL Tat least ^- '^'^ 

SSatfthla^ - '-^'^^ 

55 installations for sulphur dioxide 

^ ""^e *o "^^^ i^^^'tion 

rimi^ psnmttmg about three 

65 S2 5^J^"^P5 and dierefore 

t™« as much product. When die npiS 



kapsme dirougbput to the installation is 
mintamed, the sulphur dioxide employed in 
the hqmd-hquid earactor may be reducS t^ 
about 70 pttcent by volume of diat normally 
used, ID order to provide die extra quantitj 70 
of siriphur dioxide required by ti«\dS 
S ^""Z- am'^aticity'of a keros^e 
f^^^y "^""d, for example, from 
about 22 p^cent by vohmie to 5 ^ rcent by 

l ^fu"^" f^'"°^' ^d dien from the 75 
5 percent by volume to about 0.8 percent bv 
^me in. die adsorption 2onc^"%St 
reduction m aromatic content is achieved wSi 
substontially die same amount of SS 
djoade as used in conventional operation 80 

i^t percent by vohmie. 

Knprf ^"^^ '^"''^e from the com- 
hned process is die possibiKty of minS- 

"stanci diniinating 85 
die costly acid treatment now riveTto 
P^duc^ of sulphur dioxide extrS;°p,£! 
Smem^?^"^'' ^he adsoijtion 

h;£f ^"^7""^' nonnaHy gaseous solvent, beie 
hi^y polar, need be used only in relaS 

fT^^l • adsorption, such as siUcn 

tl,J°i,*J according to die invention, 

die hydrocarbon mixture may be nassed 
^ntercurrendv to a stream ofVuefirsS 115 

« ' Ce.g., sulphur dioxide) to produce a 
rafHnate of reduced content of more soSble 
components and an extract phase enriS in 
such components. He raffinate will coma „ 

some solvent which is suitably rcTveS e g 120 
SL^aponzaaon in one or n^e step^ The' 
raffinate is tien passed to an adson,t5on zoS 

.^5^ 1." an adsS>ent Sv- 

mg a strong affinity for die more scluble 
c^onents (e.g., aromatics) and tow 125 
for otiier components (e.g., paraffins). ^tWs 
btter zone the content of soluble com! 
ponenteof die raffinate is further rSu^. 



fn rT^i- '""uaw IS lurtfter reduced. 

°f the extraction 
raffinate is discoitinued when die content of 130 
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more soluble components of the adsorption 
raffinate rises above a predetermined level. 
Then a stream of liquefied solvent is em- 
ployed to desoiib or elute the adsorbate. The 

5 desorbed adsorbate containbg solvent may 
suitably be worked up in a zcm^ in which 
solvent is evaporated from the extract, wKle 
the raflfinate is stripped of its solvent separ- 
ately, again in one or more steps. Solvent 

10 vapours recovered in this way also may be 
condensed for re-use in the process. The 
solvent remaining in the adsorption zone 
after the desorption is recovered. In a pre- 
ferred embodiment of the process, this 

15 recovery is carried out in two (or possibly 
more) steps. First, the pressure in the ad- 
sorption zone is reduced, e.g., to about 5 
atm. abs. Most of the solvent is thus removed 
and can then be liquefied for re-use by cooling 

20 with normally available cooling water, which 
•is particularly desirable since it minimizes 
the requirements for expensive compression 
facilities. Secondly, the remainder of the 
desorbent is substantially removed, e.g., by 

25 further reduction of the pressure^ bj increas- 
ing the temperature, or by a combmation of 
both. 

The invention may be performed in various 
ways, and a specific embodiment employing 
30 a kerosine feed will now be described by 
way of «ample with reference to the accom- 
panying drawing whidi diagrammatically 
illustrates die apparatus used for performing 
the process. 

35 Referring to the drawing, the kerosine feed 
is passed in a line 10 to a liquid-liquid 
extractor 11, which may be of any suitable 
design. The feed passes in counter-current 
flow to a stream of liquefied sulphur dioxide 

40 supplied to the extractor by a line 12, Feed 
and solvent temperatures are adjusted as 
required by heat exchangers 13 and 14, 
respectively. In the extraction zone the 
aromatidty cf the raffinate product is reduced 

45 to about 5 percent by volume. This raflSnate 
is removed from the extractor in a line 17 
and passed to a solvent recovery system 18, 
in this case comprising flashers and multiple- 
effect evaporators (not shown). Also, an 

50 extract phase from the extraction zone is 
passed to the recovery system in a line 16. 
The raffinate and extract axe separately 
stripped of solvent. Generally speaking, both 
are stripped at similar conditions, with 

55 pressures that suitably are from 10.5 atm. 
to 25 mm. Hg. and temperatures in the range 
of 10—95^ C. Depending upon its pressure, 
the stripped solvent is either passed directly 
throu^ a line 19, liquefied in a condenser 

60 20 and sent to a liqu^able gas reservoir 21, 
or fim put through a series of low-pressure 
compressors. Hie Hquid SOa condensate is 
advantageously at a temperature of approxi- 
mately 30° C. and a pressure of 5 atm. upon 



its removal from condenser 20. ^ 65 

During adsorption, an at least substantially 
SOa-free xaflBnate from the last stage of the 
rafBnate evaporator is fed in a line 22 through 
a valve 23 to an adsorption system 24. The 
preferred temperature of the raflfinate is 65 — 70 
70° C, although generally speaMng, it can be 
m the range of from ambient temperature to 
95° C. Low-aromatic raffinate product flows 
out through a vahre 26 in a line 27 to a 
stripper 28. Recovered sulphur dioxide is 75 
returned in a iline 29 to the solvent recovery 
system 18 for compression and/or condensa- 
tion and the finished raffinate product is 
withdrawn in aj line 31. 

When the adsorption phase is completed 80 
valve 23 is closed and SO^ is introduced from 
reservoir 21 via line 32 and valve 33. The 
solvent is maintained ia liquid phase by 
appropriate regulation of the outlet valves 26 
and 34 to keep sufficient pressure on the 85 
system. The first portion of the liquid SOz 
supphed during desorption displaces the 
interstitial volume of raffinate material re- 
maining from the adsorption step. Part of 
this material is removed in line 27 as raffinate 90 
and the remainder, along with the desorbed 
aromatics in SOo, is sent to the solvent 
recovery system 18 through valve 34 and 
ilme 36, The extract products recovered from 
extraction and from adsorption are removed 95 
via line 37. 

Following removal of the aromatic adsorbate 
a ^major porcion of the remaining SO2 is 
removed from the ^em in line 38 by slowly 
reducing the pressure suitably to about 5 100 
atm. abs., by appropriate adjustment valve 
39. Because of its pressure;^ the sulphur 
dioxide liberated in this manner can be lique- 
fied with cooling water in condenser 20 
without prior compression. In a preferred 105 
method of cperation the regeneration is com- 
pleted by further reducing the system 
pressure to around atmospheric or lower. 
However, substantially the same effect can 
be obtained by heating the adsorbent to 110 
about 100° C. at 5 atm. abs., or by using a 
combination of pressure reduction and heat- 
ing. The regeneration may be considered 
complete when the SO2 concentration on the 
adsorbent has been reduced to about 5 per- 115 
cent weigth. At this point the adsorbent is 
in condition to adsorb aromatics from an 
additional quantity of extraction raffinate. 

The invention is further illustrated by 
means of the following Examples. 120 

Example I 
A kerosine feed containing about 22 per- 
cent by volume of aromatics is worked up 
in ai manner as explained above with refer- 
ence to the drawing, using SOs as the 125 
solvent The results obtained are represented 
in Table I. 
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15 



20 



25 



30 



35 



40 



45 



reed quantity, 1/day 


350,000 


286,000 


350,000 


Feed aromatics content, % v/v 


22 


D 


22 


Solvent, I/day 


238,000 


112,000 


350,000 


Raffinate quantity, 1/day 


350,000 


262,000 


262,000 


RafSnate aromatics content, % v/v 


5 


0.8 


0.8 


Extract quantity, 1/day 


63,500 


23,800 


87,500 


Raflanaie yields, based on feed, % v/v 


-82 


-92 


-75 



EXAAIPLE n 

Aromatics and other undesirable petroleum 
constituents were removed from a catalyti- 
cmly cracked heavy naphtha containing about 
33 percent paraffins and naphthenes, 19 per- 
cent olefins, and 48 percent aromatics using 
hquefied ammonia. The naphtha was fed to 
a multiple stage extraction tower operated at 
between 5 and 65° C. at such a pressure as 
to ensure that the solvent (which may be 
pure ammonia cr ammonia fortified with 
mono-methylaminc or other simn^r com- 
pounds) remains dn aj iliquid state. Reflux 
may be generated by imposing a tenmerature 
gradient across the extraction column or by 
addmg a precipitant or anti-solvent such as 
water. Dependent upon the number of stages 
m the extraction uni^ the solvent used and 
the tenmerature gradient imposed, if any, the 
5q>aratiGn of aromatics from parajBBns and 
n^htnenes may be more or less complete. 
Ihus, extracts containing 90 percent aro- 
matics and 6 percent olefins, or 78 percent 
arcmatics and 12 percent olefins, may be 
obtamed with corresponding raflfaates con- 
taming 24 percent olefins, 75 percent 
paraSns and naphAenes and 1 percent 
arcmatics, or 18 percent olefins, 50 percent 
para^ns and naphdienes and 32 percent 
aromatiK respectively. In the case of tiie 
substantially complete removal of aromatics 
from the raffinate, the subsequent adsorption 
procanly serves to remove undesirable colour 
bodies, diaromancs or otiier undesirable polar 
constituents. Under more normal operation, 
where 2 to 10 percent aromatics remain iiJ 
tae raffinate, die adsorption is mainly used 
to lurtner remove aromatics. 
Tlie raffinate from die solvent extraction 

from which nearly all die ammoma mtd 
dunng tiie previous cycle has been removed 
The vapour pressure in die column is at or 
near atmospheric and die feed rate suitable 

SL ^'^'^'i!'^ ^ temperature of tiie 
leea. When die raffinate issuing from die 
column has reached die maximum content of 



adsorbate permissible for tiie desircd product, 
the product is switched from a raffinate 
receiver to a recycle receiver. Depending 
upon die quahty and yield of extract desired 
the recycle stream may be adjusted as re- 
quj^ed; a large recycle stream gives raffinates 
amd extracts of high purity but recycling is 
tune consummg and reduces die tiiroughput 
of a umt ^ ^ 

The desorbing solvent is tfien fed to the 
sihca gd durmg such a time as wiU pennit 
the prcducDon of die desired quality of 
raffinate or recycle stream. The colunm is 
operated widi sufficient pressure to avoid 
vaporization of die ammonia at maximum 
column temperature. When tiie liquid am- 
monia has removed die adsorbat^ die intro- 
duction of ammonia to die colmnn is stopped 

from ±e column by slightiy reducmg die 
pressure and letting ammoma gas forcl out 
liquid ammonia. 

When at least substantiaUy afl liauid 
amnonia has been remowd from the 
column, ammoniai gas is then ranoved by 
reducmg the pressure to atmo^heric or less. 

rfh•c.'°^^^ ^Shtly adsorbed to 

silica gel, elevated temperatures may be 
required to remove the ammonia from the 
geL The column may be heated externally, 
e-g., vnih steam, to from 95— 185° C to 
r^ove the ammoma. After the gel has'had 
nme to come to equiEhrium at this tern- 

eaiaction and adsorption 
imts may use conventional solvent recovery 
s^tcms as indicated above with reference to 

WHAT WE CLAIM IS.— 

process for the separation of a liquid 
hydrocarbon mixmre using a Kquefied nw- 
^.gaseous pobr selective solvent, vdudi 
^mpnses separating the mixture into raffi- 
nate and extract phases by Uquid-Iiquid 95 
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ejctracdon wi± the solvent, contacting at 
least a part of the raffinate phase with a solid 
selective adsorbent, and desorbing the ad- 
sorbate from the adsorbent with a portion 
5 of the liquefied solvent. 

2. A process as claimed in Claim 1 in 
which the adsorbent is selective for at least 
part of the components more soluble in the 
solvent. 

10 3. A process as claimed in Claim 1 or 
Claim 2 in which interstitial raffinate 
material remaining in the adsorbent after 
adsorption is removed by contacting with a 
portion of the liquefied solvent. 

15 4. A process as claimed in Claim 1 or 
Claim 2 or Claim 3 which includes removmg 
solvent from the adsorbent by at least partial 
vaporization. 

5. A process as claimed in Claim 4 in 
20 which the solvent concentration on the ad- 
sorbent after solvent removal is about 5% 
by weight. 

6. A process as claimed in Claim 4 or 
Claim 5 which includes carrying out the 

25 solvent removal from the adsorbent in two 
or more steps of decreasing pressure. 

7. A process as claimed in Claim 4 or 
Claim 5 or Claim 6 which includes canying 
out the solvent removal from the adsorbent 

30 in two or more steps of increasing tem- 
perature. 

8. A process as claimed in any of the 
preceding claims which includes at least 
substantially removing solvent from the 

35 ra&iate phase of the extraction which is to 
be contacted with the adsorbent. 

9. A process as claimed In any of the 
preceding daims which includes condensing 
for refuse solvent vapours recovered in the 

40 process. 

10. A process as claimed in any of the 



preceding claims in which colour bodies are 
removed in the adsorption treatment. 

11. A process as claimed in any of the 
preceding ^laimg in which the more soluble 45 
components are aromatics and/or other polar 
components. 

12. A process as claimed in any one of the 
preceding claims in which the hydrocarbon 
miscture to be stpmted is a material boiling 50 
in the icerosine range. 

13. A process as claimed in Claim 12 in 
which the hydroc^bon mixture contains 
20—25% oi aromatics by volume. 

14. A process as claimed in my of the 55 
preceding claims in which die solvent com- 
prises sulphur dioxide. 

15. A process as claimed in any of Claims 
1 to 13 in which the solvent comprises 
ammoma. 60 

16. A process as claimed in Claim 15 dn 
wbidb. the solvent also contains monomethyl- 
amine. 

17. A process as daimed in any of the 
preceding claims m which die adsorbent com- 65 
prises siHca gel. 

18. A process for the separation of a 
liquid hydrocarbon mixture using a liquefied 
normally gaseous polar selective solvent, sub- 
stantially as described with reference to the 70 
accompanying drawing and the Examples. 

19. A hydrocarbon mixture of reduced 
content in aromatics and/or other polar 
materials obtained using a process as daimed 

in any of the preceding claims. 75 

20. Aromatics or other polar materials or 
mixtures comprising them obtained using a 
process as claimed in any of Claims 1 to 18. 



KILBURN & STRODE, 
Chartered Patent Agents, 
Agents for the Applicants. 
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